AEE No. LJ4JI6 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



WARTIME REPORT 

ORIGINALLY ISSUED 

Octo"ber ISUh as 
Adyance Restricted Report Llkri6 

Wiro-TUKREL INVESTIGATION OF EOUNnED HORNS AND OF GRJABDS 
ON A HORIZONTAL TAIL SURFACE ^ 
By Robert B. Liddell and Ternard E. Lockwood 

Laugley Memorial Aeronautical Laboratory 
Lan^ey Field, Va, 



NACA 

WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



L - 60 



NACA ARR Fo, li^Jl^ 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



ADVANCE RESTRICTED REPORT 



WIND-TUNNEL INVESTIGATION CP ROUNDED HORNS AND OF GUARDS 
ON A HORIZONTAL TAIL SURFACE 
By Robert B. Liddell and Vernard E.. Loclr//ood 



SUMMARY 



An Investigation v;a3 made to deter»mine the aero- 
dynamic effects of horn balances with various plan forms 
and of guards on a horizontal tail siirf ace . The results 
indicate that roimding the adjacent horn and stabiliser 
edges caused negligible changes in the aerodynamic charac 
teristics. except for the changes resulting from the 
decrease in the' area moment of the horn. The use of 
guards m.o-anted between the stabilizer and horn was found 
to increase the slope of the lift cua-'ves with angle of 
attack or with elevator deflection. The negative slopes 
of the curves of hinge moment against angle of attack 
and elevator deflection increased as the guard area was 
incroased. 



INTRODUCTION 



An investigation v/as made in the LMAL 7- tiy lO-foot 
tunnel of the 0.5-scale model of the left horizontal tail 
surface of the Grumman TEF-1 airplane v/ith various horn 
and stabilizer modifications. The purpose of the 
investigation was to determine the aerodynamic efl'ects 
of changing the plan forms of the horn balance and the 
adjacent fixed surface. Test results are included to 
show the aerod;^aiamic effects of various guard arrange- 
ments that might be used on a horizontal tail having a 
horn balance. For convenience, the results presented 
in the various figures are listed in table I. Tuft tests 
of the outboard end of the model were made to determine 
the air-flow characteristics of four horn and stabilizer 
modifications . 

Inasmuch as this investigation was general, the 
model v/as tested at higher angles of attack .and with 
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elevator deflectiono much greater than would have been 
feasible for the actual T3P-1 airplane. 

3YIJB0LS 

lift coefficient (L/qS) 
Cj) drag coefficient (D/q3) 

Cxr pitching-nionent coefficiont about mounting axis 
(Ll/q3c) 

Cj^ elevator hinga-rr.oment coefficient about hinge 
® axis (Iie/q^e^e-) 

L twice the lift of the senispan model 

D twice the drag of the semispan model 

M twice the pitching m/jm.ent of the semicpan model 

IIq elevator moment about hinge axis^ foot pounds; 

positive when it tends to depress elevator 
trailing edge 

q dynamic pressure 

S total horir'.ontal-tail area 

b span of horizontal tail 

b^ span of left elevator 

c mean chord of the horizontal tail surface 
root-mean-square chord of the elevator 

0 

So- total guard area ( tw^o guards) 
a angle of attack of the model 

5p elevator deflection relative to the stabilizer, 
positive when trailing edge is deflected 
downward 
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All slope vali:es quoted are for small values of 
angle of attack and flap do flection. 



l^E'rKOD AND APPARATUS 



A semispan model was mounted vertically in the 
LMAL 7- by 10-foot t^mnel (reference 1) with the inboard 
end adjacent to the tur_nel floor, v;hich thereby acted as 
a reflection plane. Ttie model was supported entirely by 
the balance frame with a small clearance at the tijinnel 
floor in order that all the forces and moments acting on 
the model could be measured. Tlie flow over the model 
simulated the flow over a complete horizontal bail 
consisting of the left semicpan of the mxOdel joined to 
its reflection and mounted in a 10- by ll^-foct tuTxnel. 
In order to Toresent results for the full-span horizontal 
tail, the measured values taken for the tests were 
multiplied by 2. The test setup is shov/n schematically 
in figure 1. 

Provisions v/ere made for changing the angle of 
attack and the deflection of the elevator of the m.odel 
while the tunr.el was in operation. Tho elevator hinge 
moments were measured by means of an electrical strain 
gage mounted within the elevator. 

The Oo5-scale model of the left horizontal tail 
surface for the TBF-1 airplane was furnished by the 
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GrirrLaan Al:i:*craft Corporation and conformed to the 
dlmen.sions shown in it^igLTro 2. The inoclel represented 
that parb of the airplane shown crosahatched in figure 5- 
The geometric characteristics of tne racdel are given in 
the following tab] e : 

Horizontal ':ail area^, original configuration HiS^, 

3/2, square feet « o . . <, 15 .69 

Horizontal tail span^ h/2, feet 5*20 

Elevator area aft of hinge line^ e;quare foot 5-93 

Elevator root-mean- square chord, Ce, feet 1.26o 

Elevator movement, degrees . c o . o c . « c . o 

Guard area, ^g/^^ 



Guai'd 1^ square feet « O.Oii.1 

Guard 2 (f^ ~ 0), square I'eet 0.0.0 O.l't'^ 

Guard square feet c ....... 0.822 

Guard 4, square feet o c c ....... , ^-575 

Tlie modifications made on the model during the tests 
consisted primarily of a sycte.vaatic change in the gap 
het^een the horn and stabilizer near the loading edge. 
This modification was made by providing the model v/lth 
interchangeable horn- and stabilizer ^tip blocks of 
varloiis shapes. Figures and '3 shov/ these modifications 
to the model and indicate the method adopted for the 
designation of the various horn and stabilizer shapes. 
For comparative ;n-urposes, tests v/ere also made of the 
model without a horn and v/ith a full-span stabilizer (HoSq)* 

Pour different guards were also tested with the 
original horn configuration. Tlie dimensions of each 
guard are given in figure 6 and photographs of the guai'd 
arrangements are presented as figure 

For most tests, the d:,mam.ic pressure was maintained 
at 16.57 pounds ner square foot. At some high positive 
angles of attack and positive elevator deflections, 
values of drag and hinge moment too large for the 
indicating apparatus necessitated a reduction of the 
tunnel dynamic pressure to 12.55 pounds per square foot. 
These two dynamic pressures correspond to velocities, 
under standard sea-level conditions, of SO and 7^ miiles 
per houi' and to test Re;7nolds nuiiibers of 1.97^^^ 0^0 
and 1.7^0;>^0^'> respectively. The Reynolds numbers are 
based on a model chord of 2.6$ feet, (Effective 
Rejmolds number = Test Reynolds nmber x Turbulence 
factor o The ^turbulence factor for the LMAL 7- by 10-foot 
tiinne 1 is 1.6.) 
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CORxRECTIONS 



The rs suits have been corrected Tor the effects of 
the jet bo'undaries. The co.r'^r'ectioiis which were applied 
to the angle of attack and the lift, drag, pitchinr;- 
moment, and hinge -iiioirie?it coefficients were: 



Aa ^ 


1.1.1.8 X Gl 


A — 


-0.016 X Cj-. 




0.00255 X Ct^ 




0.0069 X Cl 




O.OOI+6 X Cr, 



l^c corrections have been made for the effects of 
the gap between the rcob section and the floor or for 
leakage aroiKid the oiipport strut. 

RESULTS AlfD DISCUSSION 



Horn and 3 1 ab i 1 5. z e r mo di f 1 catio ns.- The aerody}iair.ic 
character! sTicij oT che horizontal taiT are presented as a 
function of anr-^le of attack for two elevator deflections 
in figure 8 and as a fujiction of elevator deflection for 
two angles of attack in figure Q. Little if any signifi- 
cant change in the lift produced is noted for the various 
ir edifications, except for the tail siorface without a 
horn (Eooq) . 

The area of the hern decreased with the 3uccessive 
horn modifications and caused a proportion-xte decrease 
in balancing moment. Thus, roionding the horn increased 
slightly the negative slopes of the hinge -moment- 
coefficient curves, as is shown in figures 8 and <^ ^ 
No improvement in the hinge -mo::nent characteristics is 
apparent for a rounded horn. 

Ccmnlete data are presented in fig^iros 10, 11, 
and 12 for the model without a horn HqS^, for the 
original configuration 'Ri^i, and for modification 11332, 
respectively. The slope of the lift curve for the original 
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model HiSt_ equals 0,055. 5^ general, little gain in 
li.-^t may be obtained by deflecting the c^levator more 
than 20^ or by increasing the angle of attack above l6^, 
except for attitudes of the model in which the elevator 
deflection and angj.e of attack are of oi.'pcsite si^-n. 

The hinge -moment parameters are plotted in figure 13 
against the ratio of the area moment of the horn to the 
area moment of the elevator. Prom this figure, the 
contribution of the horn to Ch^ and Chg^^ may be 

determined. The values of ACh^^ and AChs^ obtained 

are in good agreement with the values given in reference 2. 

Effe cts of guard s . - The aerodynam.ic effects 
of m-ounting various guards on the original m.odel HiSi 
are shown in figures llj. and 15 .; The guards act as end 
plates on the airfoil and cause a small increase in CLq; 

and Cl,s as the guard area is increased (fig, l6 ) • 
^e 

The lift parameters increase in constant proportion to 
each othei'? the effectiveness gq^., of the elevator is 

therefore shown to be constant with increasing guard 
area. 

Inasmuch as Cj-^ . and Ohf. _^ increase negatively with 

an increase in guard area (fig. l6), the horn area v/ould 
have to be increased nroportlonately with the increase in 
guard area if the hinge -m.om.ent parameters arc to be kept 
con^^tanto Since Cv,^ Is positive, the hinge-momont 

parameters mav be expected to become more positive, as 
did the lift parameters with increase in guard area. 
The opposite is apparently true if a horn is employed 
to obtain m.ost of the control-surface balance. This 
result might be explained in the following manner: The 
airfoil may be considered as divided into tv/o parts by 
the solid guard. The portion of the airfoil inboird of 
the guard has very little balance area and, therefore, 
Cv^^ and Ch5^ '^^e negative and would become increasingly 

negative with an increase of guard area. Values of 
0L(^ sind. CJjQq also would become increasingly positive 
as the guard increased the aspect ratio. The portion 
of the airfoil outboard of the guard, however, decreases 
in aspect ratio with the addition of guard area. This 
decrease would cause the positive hinge -m.omxent parameters 
for this portion of the airfoil to have little influence 
in the determiination of the over-all parameter values. 
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Ey the use of figures 13 odid lo it would be possible 
to find, the additional area moment of the horn required 
for any size of guard that would be used. These curves 
v/ould be valid, however, only for guards mounted at the 
spa.uwise station tested. A solid guard at any othe].^ 
spanv/ise location would affect the lift and hinre-racrriont 
parameters differently. 

Tuft s tudies . - The results of tuft studies made on 
the upper surface of the racdel for a series of angles of 
attack at various elevator deflections are presented in 
figures I7 to 20. Tliese studies were made of the out- 
board end of the horizontal tail for four horn and 
stabilizer modifications and are believed to be the f-1rst 
detailed tuft studios made of flow conditions around an 
unshielded horn. 

The photographs show that, at negative elevator 
deflections, little difference ezists in air flov; over 
the top surface of the m.odel for the various horn and 
stabilizer miodif ications tested. At positive elevator 
deflections, however, the effect of the horn on the air- 
flow characteristics is not localized but affects the 
air-flow pattern over much of the su^-^face shown. Separa- 
tion occurs . on all of the elevators surveyed when the 
elevator angle and angle of attack are 3^. (For 
example, see fig. l8(e).) On the other hand, for the 
model without a horn at the same attitude a sm.ooth flow 
over the elevator is indicated (fig. 17(e)). The 
disturbing effect of the air flov; through the horn- 
stabilizer gap and the hinge cut-out gap is evident 
from figures 18 to 20. Rounding off the stabilizer 113^32 
produces a- slight im.pro vem.^nt in flow conditions » 



CONCLUSIONS 



The results of an investigatiori to determ.ine the 
aerod^mam.ic effects of varying the shape of horn balances 
on horizontal tail surfaces indicate that: 

1. Rounding the adjacent horn and stabilizer edges 
had a negligible effect on the aerodynamic characteristics 
of the tail'surface except for that caused by the decrease 
in horn area m.oment. 
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2r A solid horn ;',uard. mounted at the end of the 
stabilizer increased the rate of change of lift with 
angle of attack and with elevator deflection. The rate 
of change of hinge moaient with angle of attack and with 
elevator deflection Increased negatively as the guard 
area v/as ixicreased. 
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Fig. 1 
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TVPiCAL SECT/ON 

Frgure 2~ The O.S- scale modef of T6F-/ Mft 
hor/zontol fa// surface. A// cf//7?<^/?s/'o/?s are 
/n //?c/?es. 
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Fig. 3 
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Figure Z P/on form of the Grummon T8r-/ 
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Section A'A 

NAilUNAL ADVISURY 
COMMITTEE FOR AERONAUTICS 



^uJI spcin statu i z&r 
with no horn 



rigure - Details ot horn and >stobihzer nrodlficaHons 
tested on the OS- sca/e mocje/ TBT-J /ett" 
horizontaf tail ^urfQC&d^iS, Original horn 
and sta^ilizery . 




Figure 5.- Photographs of 0.5-scale semispan model of 
horizontal tail surface of TBF-1 airplane showing con- 
figurations tested. 
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Fig. 5b 




(b) H;l^1- 
Figure 5.- Continued. 
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Fig. 
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Fig. 




(d) H4S1. 
Figure 5.- Continued. 
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Fig. 




(e) H1S2. 
Figure 5.- Continued. 
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Fig. 5f 




(f) H2S2- 
Figure 5.- Continued. 
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P^ig. 5g 




(g) H3S2. 
Figure 5.- Continued. 
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Fig. 5h 




(h) H4S2. 
Figure 5.- Concluded. 
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Fig. 6a, b 
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Fig. 6c, d 
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(a) Guard 1. 



Figure 7.- Three-quarter front view of various guards on 0.5-scale semispan 
model of horizontal tail surface of TBF-1 airplane. 
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Fig. 7b 
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Fig. 7d 
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Fig. 8a 




Fig. 8b 
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Fig. 9a 
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g. 9c • NACA ARR No. L4J1F. 
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in4ie..^af. .attach, 
mas/j:i^e^i:^ J&ff /loaimMtiMl. 



Fig. 10b 
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Fig. 10c 
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Fig. lib 




Fig. 11c 
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Fig. 12b NACA ARR No. L4J16 




NACA ARR No. L4J16 Fig. 12c 
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Fig. 14a 
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Fig. 14b 
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Fig. 15a 
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Fig. 15c 
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Fig. 17a 




(a) Sg = -32^. 



Figure 17.- Tuft study over upper surface of 0.5-scale model 
of TBF-1 left horizontal tail surface. Modification H^^S^; 
q = 16.37 pounds per square foot except for tests with 
asterisk in which q = 12.53 pounds per square foot. 
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Fig. 17c 




0 

(c) 8g - -8 • 
Figure 17.- Continued. 
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Fig. 17d 
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Fig. 17e 




(e) Sg = 8? 
Figure 17.- Continued. 
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Fig. 17f 




(f) §6 = 16°- 

Figure 17.- Continued. 
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Fig. 17g 




Figure 17.- Concluded. 
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Fig. 18a 




(a) = -52^. 

Figure 18.- Tuft study over upper surface of 0.5-scale model 

of TBF-1 left horizontal tail surface. Original surface 

HjSn; q = 16.37 pounds per square foot except for tests 

with asterisk in which q = 12.53 pounds per square foot. 
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Fig. 18b 




a . 24° a = 32° 



(b) 8^ 
Figure 18.- 



= -16^ 
Continued 
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Fig. 18c 




a « 24< 



a = 32' 



(c) 5g = -8°. 
Figure 18.- Continued. 
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Fig. 18d 
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Fig. 186 




a = 24° * a = 32° 

(e) Sg = 8°. 



Figure 18.- Continued. 
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Fig. 18f 
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Fig. 19a 




(a) S3 = -32^. 



Figure 19.- Tuft study over upper surface of 0.5-scale model 
of TBF-l left horizontal tail surface. Modification ti-^S2l 
q = 16.37 pounds per square foot except for tests with 
asterisk in which q - 12.53 pounds per square foot. 
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Fig. 19b 




a = 24° a = 32° 



(b) Sg = -16°. 
Figure 19.- Continued. 
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Fig. 19c 
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Fig. 19d 





Figure 19.- Continued; 
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Fig. 19e 
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(f) Sg « 16°. 
Figure 19.- Continued. 
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Fig. 19g 
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Fig. 20a 





a = 8' 





a 

« 


= 16^ 
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I 1 1 




a = 32' 



(a) 8, 



•32' 



Figure 20.- Tuft study over upper surface of 0.5-scale model 
of TBF-1 left horizontal tail surface. Modification H3S2; 
q = 16.37 pounds per square foot except for tests with 
asterisk in which q = 12.53 pounds per square foot. 
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Fig. 





(b) Sg = -16°. 



Figure 20.- Continued. 
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Fig. 20c 
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Fig. 20d 




NACA ARR No. L4J16 



Fig. 20e 




a = 24° * a = 32° 

(e) Sg = 8°. 



Figure 20.- Continued. 
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Fig. 20f 
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Fig. 20g 




Figure 20.- Concluded. 



